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Abstract

Active learning strategies increase student engagement and performances, however, there
is student resistance toward such instructional interventions. To overcome student resist-
ance groupwork can be useful. In addition, digital technology can be used to re-design
courses to add active learning techniques and support learning with and not from technolo-
gies. We developed active learning strategies in a digital environment, artifact-generated
learning (AGL). The aim of this exploratory research was to study student engagement in
AGL setting by focusing on how student work together, student satisfaction, motivation,
and roles. We conducted an open course with students from various disciplines. We applied
Chi’s conceptual framework of the three active learning levels of active-constructive-
interactive (interactive is highest level), to study the AGL intervention in student groups.
Methods of focus groups, observations, and online questionnaires were conducted to ana-
lyze group interaction. Results, presented for four student groups, indicate two groups were
active-constructive, one group was interactive, and one group reached beyond the high-
est level that we call co-design level. Implications raise awareness to distinguish between
active learners and co-designers. An interactive group is not necessarily a co-designer. A
co-designer is an active student who also acts beyond the given course design as s/he con-
structively searches for and utilizes other resources in order to accomplish set goals. To
overcome student resistance, a new process-based assessment format may enhance students
to become co-designers on the group level.

Keywords Higher education - Meaningful use of technology - Co-design - Learner-
centered

1 Introduction

Research shows the importance of active learning strategies in higher education. Active

learning increases student performance and improves student outcomes (Ruiz-Primo et al.
2011; Freeman et al. 2014). While passive learning means students are consumers of
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information (e.g., lectures), active learning leads students to be engaged with the content
in various forms such as engaging in discussions or learning by doing (Bonwell and Eison
1991). However, with web-enabled technologies in 1:1 classrooms (as one device per stu-
dent), students are also able to search for the information online. Floridi’s (2014) concept
of being constantly online, before and particularly during Covid-19, pressures instructors
to rethink active learning strategies in online or hybrid formats.

Learning with digital technologies can mean that the instructor wants the students to
find the right answer of a predetermined problem. This might be problematic when stu-
dents have access to online resources. Students may find the correct information but might
not always understand why and if the information they found is correct. New or enhanced
forms of active learning for the digital classroom may include students searching for the
correct information online but adding an explanation of why they think an answer is cor-
rect. Or they may create novel solutions and showcase their learning growth in digital ways
such as screencasting discussions about different problem-solving strategies (Jahnke and
Kumar 2014).

In this study, the goal was to explore a digital version of active learning strategies in
which students developed digital artifacts—we call it artifact-generated learning (AGL).
AGL emphasizes that students showcase their learning progress through the iterative crea-
tion and assessment of digital artifacts or products. Expanding the concept of project-based
learning, students in AGL create first drafts of their learning artifacts, receive formative
assessment, and improve their work during a second or third iteration. We offered an open
course for students across disciplines. In the following, we describe the course design,
show results of how the students used and translated the active learning strategies for their
needs, and describe how they developed the artifacts. The learner’s experience will be
presented.

2 Literature Review and Theoretical Framework

Active learning consists of a group of instructional strategies or pedagogies that include
various levels of support for students to be active as a learner and to actively engage stu-
dents which is opposite to traditional learning setting with teacher-centered instructions
(e.g., lectures). Studies show that active learning is critical because students tend to earn
higher grades and retain, integrate, and transfer information at higher rates compared to
traditional learning settings (Laird et al. 2005). Studies by Freeman et al. (2014) and Akyol
et al. (2011) demonstrate that active learning increases student performance and leads to
improved learner outcomes that are of higher quality. Active learning is effective, improves
student outcomes, and narrows achievement gaps in undergraduate science, technology,
engineering, and math (Vetter et al. 2020; Theobald et al. 2020).

In active learning, students integrate and synthesize information with their prior knowl-
edge. This becomes part of students’ thinking as they learn to approach new phenomena
and see things from different perspectives (Ramsden 2003; Tagg 2003). Active learning
focuses on the meaning of information and how students comprehend the meaning of mate-
rial. Marton and Séljo (1976) raised awareness of the differences between surface and deep
processing (Beattie et al. 1997). Surface or passive learning can be described as memoriz-
ing information which is characterized as reproductive and unreflective (e.g., rote and rou-
tine learning) whereas active learning strategies focus on skills beyond recalling facts by
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involving students into activities such as analyzing, evaluating, being critical, creating new
ideas, or applying multiple perspectives.

Recent work emphasizes how instructors apply active learning strategies. Fullan et al.
(2018) describe new pedagogies for active learning; they provide examples from seven
countries of how to engage students, situate the learner in her context and work with oth-
ers. More digital tools for active learning are published in Dexter et al. (2020). Hakami
(2020) shows that student engagement improved with Nearpod which is a digital tool that
combines formative assessment and active learning in digital environments by using digital
quizzes, polls, drawing, open ended questions. Dahdal (2020) shows how the use of What-
sApp promotes active learning and student engagement. Mgrch et al. (2019) show how
digital tools help students to be engaged in collaborative knowledge construction.

Active learning is based on learning with others e.g., group learning (Hodges 2018),
project-based learning, or team-based learning (Michaelsen and Sweet 2008). However,
students often resist active learning Silverthorn (2020). A study by Owens et al. (2020)
in science education shows different reasons of student resistance e.g., students struggle
when authoritative information is absent, and students are unfamiliar with active learning
as compared to traditional teacher-centered instruction. Similar results have been reported
in nutrition education from the student perspective in which students who were not famil-
iar with active learning as a format found it useful after being exposed to it during the
course (Santos et al. 2020). Smith and Kennedy (2020) applied active learning strategies
in an undergraduate nursing program and results point to students’ decreased stress levels
in this new form of active learning when working in groups, receiving support from fac-
ulty and classmates, and when faculty using templates or rubrics for grading the student
assignments.

To summarize, research shows that active learning strategies are effective and lead to
students’ increased performance. Students are resistant to active learning though especially
when they are exposed to it for the first time. Groupwork and instructor support are useful
to overcome such challenges. Existing work however does not sufficiently explore emerg-
ing forms of active learning that uses digital technology in higher education. Our work
aims to close this gap.

To explore active learning with digital technologies, we created an open course in which
we applied strategies of digital artifact-generated learning (AGL) (read Sect. 2.1) and
applied formative research to study the course design and potential improvements. For this
research, we focused on student groupwork, particularly co-design and active roles (read
Sect. 2.2). The research questions are:

—_

How do students work together (and co-design) in an AGL context?
2. What kind of active roles does the course promote (and how can it be improved)?
3. What is the learner’s perception and experience in the AGL context?

2.1 Theoretical Framework of AGL

A prominent framework for studying active learning is provided by Chi (2009) and Chi and
Wylie (2014). They differentiate three modes of active learning: active, constructive, and
interactive. According to their model, active is doing something physically and includes
the search of existing information. Constructive is the production of outputs that contain
ideas that go beyond the presented information. Interactive is a dialogue-creating process
that incorporates a classmate’s contributions. Chi (2009) argues that interactive is better
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than constructive, which is better than active. According to the model by Chi and Wylie
(2014) as reported by Hodges (2018), “both passive and active forms of engagement may
help students store information, but only constructive and interactive modes promote stu-
dents’ abilities to infer and transfer ideas, leading to deeper, more robust learning” (p. 4).

In our work we enhance Chi’s work with digital technology use, inspired by David
Jonassen (1996), who distinguishes between learning from technologies through content
available online and video lectures versus learning with technologies through focusing on
student use of technologies to create new artifacts. While Chi (2009) argues that interactiv-
ity is the highest level of active learning, Jonassen (1996) argues that technology can be
used as a mind tool and intellectual partner. In the mid-90s, Jonassen (1996) described
different types of learning with and from digital technologies. We take his approach by
asserting that existing web-based technologies can be used by students to generate artifacts
or products in groups or to showcase their own learning process in new ways. AGL is a
specific form of Chi’s (2009) interactive learning type enhanced with digital technology
use in groups.

The key constructs of AGL, a form of active learning, are (a) students develop artifacts
and receive formative assessment in several iterative steps (active-constructive-interactive),
(b) students work in groups (cooperative), and (c) groups showcase their learning progress
by connecting classroom learning with materials outside the classroom (reflective, authen-
tic). AGL follows the five learner-centered pedagogical principles of active, authentic,
reflective, cooperative and goal-directed learning (Howland et al. 2012).

(a) Artifact-generated learning enhances active learning in terms that students co-create or
co-design artifacts in iterative processes of receiving feedback and further development
(Jahnke 2015). AGL is a group co-design learning strategy and follows an activity-
based model of instruction that starts with the premise that the student does not learn
by the teacher’s activity, but rather because of her/his own activities. It means that the
artifacts are not existing yet and not presented by the teacher. Instead, student groups
develop these artifacts with digital technologies in an iterative process and improve it
by receiving feedback from teacher, peers, or self by way of guided self-reflection.

(b) As such AGL is based on the premise that students become active agents (Ramstedt
et al. 2016). However, research suggests students need support to take and even go
beyond an active agent role thus becoming critical co-designers of their own learning
(inspired by Dohn and Hansen 2014). The term co-design originally originates from co-
operative design, which is the act of creating with stakeholders (business or customers)
together. In this study, we adapted the term ‘co-design’ for the context of learning in
higher education using the principle for teaching that Martin et al. (2018) adopted from
Gee (2004). Gee (2004) stated that co-design “requires that learners feel like active
agents (producers) not just passive recipients (consumers)” (p. 17). Critical co-design
in learning refers to actively shaping the learning process beyond the boundaries of
the initial course design. In other words, students shape their own learning processes
by adding new ideas or filling missing structures beyond what is set or given by the
instructor. The concept of the critical co-designer expands Chi’s framework (2009) in
which students interact and connect to other resources by using technologies, make
choices and decisions, and explain why they are doing what they are doing, why they do
not choose another way, and why this is meaningful for their learning growth. Table 1
shows the differences between a passive student role, active roles and them becoming
critical co-designers.
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I. Jahnke et al.

(c) Martin et al. (2018) added that co-design strategies in teaching require students to
connect theoretical concepts to places, people, or affinities. Students research and
develop those connections into tangible learning objects that they can share with their
classmates and future students. By using the concept of Martin et al. (2018), the third
key construct of AGL focuses on student groups’ showcasing their learning progress
by connecting their classroom learning to the material world outside the classroom in
order to show that they are capable to transfer the learned content or skills to real-world
practice. This approach is commonly known as authentic learning (Herrington et al.
2014).

2.2 Key Constructs of the Study

Our study was of exploratory nature. We did not conduct a controlled experiment with
defined variables and hypotheses because our aim was to understand how students work
together (RQ1), which kinds of roles the study setup promotes (RQ2) and how the students
perceived their experience (RQ3). Table 2 shows the broader framework which served as a
basis for our study.

3 Description of the Study (AGL Context)

Our study applied the general principles of a design-based research approach (Huang et al.
2019) where we deployed the approach and designed the AGL learning intervention (in an
open course digital environment) and then studied it in practice with a formative research
methodology to learn how to improve the instructional strategies and to learn how to sup-
port student groups in becoming active-constructive-interactive or even co-designers of
learning.

We conducted a 16-week course in Fall 2017 at a university in the Midwestern United
States. The main learning activity was for students to develop location-based gamified
applications (apps).

3.1 Objectives and Learning Outcomes

The learning objective of the course was for students to be able to design, develop, and test
gamified applications (apps) that should be novel and functional (Sternberg 1999). After
the course, students should be able to make design decisions, develop apps, test apps using
common usability methods, and defend their products in front of experts. We offered an
award for the best app to simulate competition of real-world projects in the Information
Technology (IT) sector.

3.2 Hybrid Course, Open Course for Students Across Study Programs

The course was open and hybrid. It was open in that we invited students from all study
programs and all levels. The course included five in-person or face-to-face meetings with
students and instructor while instruction in between took place online. The student groups
coordinated their own activities between the aforementioned meetings.
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I. Jahnke et al.

3.3 Details of Course Outline, Materials, and Resources

We created the course by applying the technology development cycle consisting of itera-
tions of designing, developing, testing, and refining a digital prototype (Gibbons 2016;
Buchanan 1992). We also used the course development framework of digital didacti-
cal design (Jahnke 2015) that focuses on the constructive alignment of teaching/learning
objectives, active learning strategies, formative assessment, support of social structures,
and use of technology.

Instructions were scaffolded along five face-to-face workshops (Fig. 1). Each of these
workshops lasted two hours and they took place from August to December. The five work-
shops had two purposes. First, students received input or inspiration from the instructor
team regarding specific information such as design thinking and usability evaluation meth-
ods. Second, students presented their stage of development, reflected on past actions and
future action items, and received feedback from peers and instructor. Feedback is a cru-
cial element in AGL and aims to support learner growth and, as such, was part of the five
meetings.

Workshop 1: Teams and Idea Formation. During the first week, Workshop 1 started
with the introduction of instructor and students. The instructor presented the overall goal of
the course and requirements for the app prototype development. They also shared and dis-
cussed the three basic requirements for the app development: (a) Create a digital gamified
Augmented Reality activity with interactive elements; (b) Make it location-based; and (c)
Ensure it has something to do with learning. Finally, the instructor suggested templates for
group work, project management, and storyboarding. These supporting material were pro-
vided, but they were optional to use. The course platform, a Google drive folder, and Slack,
a text messaging tool for instant communication, were introduced. Groups were encour-
aged to use the provided materials and communication channels to facilitate their group
work.

In the second half of the workshop, groups were formed. They brainstormed ideas and
discussed conceptual frameworks.

Workshop 2: Storyboard and Development Platforms/Software. Each group
shared their conceptual frameworks and storyboards in the Google folder they developed
between the first and second workshop. During this second workshop, groups reported their
conceptual gamified app designs. All groups received feedback from peers and instructor to
receive feedback and discuss strengths and weaknesses of their design. In the second half
of the workshop, the instructor introduced ARIS and GuidiGo as tools for mobile interface
development. Both tools were selected as optional use for groups to develop the gamified

Workshop 1 Workshop 2 Workshop 3 Workshop 4 Workshop 5
August September October November December
Team and Idea Storyboard & Protj)stzgﬁitl & User Experience\\ Prototype 2 &
Formation ‘Game Software ¥ Results Game Day

Methods

Fig. 1 Five face-to-face meetings; one meeting per month from August to December

@ Springer



Exploring Artifact-Generated Learning with Digital...

app for learning. GuidiGo is an easy-to-use platform for people who have no experience
in coding or software projects. ARIS is an open access platform that can be used without
any coding experience, but it also provides the option to add code. The groups were told
that they had the option to also use alternative platforms. After this workshop, groups were
asked to develop their first prototype for the next workshop which would take place after 7
weeks. During this time, groups decided to use ARIS, GuidiGo, or an alternative software.

Workshop 3: Prototype Presentation and Usability Methods. Groups presented
their first prototypes and received critical-constructive feedback from instructor and peers
on how to improve the prototype. The second half of the workshop was used to introduce
usability testing methods. Two expert teams from an accessibility and usability lab were
invited for this presentation that was a combination of slides and active small group work.
Groups had time during this workshop to start creating plans to test their apps using the
previously introduced usability methods. The groups were asked to share their usability
study designs in the project Google Folder before the next workshop.

Workshop 4: User Experience Results and Further Refinement. Before the fourth
workshop, groups conducted usability or user experience studies. During the workshop,
groups presented their study results. Presentations included their conclusions for design
recommendations of their prototypes. Groups also received feedback from peers and
instructor related to improving their apps based on the usability results. Groups had around
3 weeks to improve the apps for the last meeting.

Workshop 5: Presentation Day/Event. Groups presented the final version of their
gamified apps. In addition to the groups we also invited members of the larger public to
play the gamified activities for learning. We sent out flyers to the entire campus and dis-
tributed the event via Social Media channels. Prior to the event, people were invited to
play the games on campus. The event had three parts, first a short introduction and group
presentations of the four apps, second, time to play and third, announcing the winners. The
apps were assessed by an expert panel (novel and it works) and through a public vote (I like
best...). Certificates for best prototypes were awarded to stimulate competition of a real-
world project.

Between the Workshops. The groups used Google Drive to share information and
receive documents from the instructor. Each group had separate sub-folders and all groups
had access to the other groups’ folders to be able learn from each other. Each group had
the task to coordinate their work in between the meetings on their own. They were encour-
aged to use Slack, a text messaging tool, as a communication tool. Slack allowed them to
attach files connected to the Google Drive folder. Slack was also used for communication
between the instructor and the students.

4 Methods

We used an exploratory study design using mixed methods (Creswell 2009). Data collection
included focus group interviews (3—5 students per group) and pre- and post-questionnaires.
Instead of individual interviews, we applied focus groups that were conducted at the beginning
and end of the course in Fall 2017. Focus groups and student learning groups were the same;
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the method was selected to capture the student group learning process and the individual and
group perception. The focus groups were audiotaped and transcribed. In addition, photos and
student group documentation, such as design documents, storyboards, usability results, and
prototypes, were gathered. During the five workshops, up to three observers took field notes
and photos with notes. They were used in the open coding process (read data analysis).

4.1 Recruitment Strategy

Students were recruited in Spring 2017 through an open call for participation and with the
snowball method, meaning interested students invited other students to join them. All students
were invited to an orientation meeting in Spring 2017. Open invitations were sent to under-
graduate and graduate programs and all disciplines, such as architecture studies, business,
education, engineering, journalism, library science, medicine, and nursing. We wanted to
reach students beyond classical computer science programs and address computational think-
ing skills for students across disciplines. The main idea was to invite students who have not
worked in the IT sector, were not familiar with IT development in general, or had no practical
experience with app design and development. The reasons for this openness came from the
idea to reach out to students across campus to address computational thinking skills for all.

Incentives were outlined at orientation and available at the completion of the course (e.g.,
credit points or gift cards). Informed consent was obtained from all participants.

4.2 Focus Groups’ Interview Protocol

Two rounds of focus groups were conducted; in the beginning and end of the course with the
same student groups. We applied a focus group interview protocol that covered five topics.
The first part included four questions and aimed to get an overview of the group activities.
Questions such as, “Describe your group work,” “What has gone well and what was not so
good?” were included in this part. The second part asked about the design and development
process. Questions asked in this part included, “How has your group approached the design
and development process?” and, “Have you used the course templates? Why or why not?”
The third part of the focus group was about roles and responsibilities. We asked the questions,
“What is your role(s)?” and “What tasks do you feel responsible for?”” The fourth part focused
on communication tools. We asked the students, “Does your group use tools for interaction,
communication, and document sharing? For which ones and how?”” The final part was wrap-
up. Students were asked if the work was what they expected or different and if they had any-
thing else they wanted to share.

At the end of the course, we had a second round of focus groups and we applied the same
questions, but we started with two additional questions: “How is your team doing? What has
your team done so far?” and “Are there any highlights or challenges that surprised you?”

4.3 Online Questionnaires
We conducted three online questionnaires with Qualtrics: an entry questionnaire (begin-

ning of the course, September), a follow-up (mid-term, November), and a post-question-
naire (end of the course, December).
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Entry Questionnaire. The entry questionnaire consisted of four parts with a total of
12 questions. The first part included gender, age, and study program (Q1-3). The second
part focused on student motivations. We applied the instrument inspired by Filippova et al.
(2017). It allowed the students to choose their level of agreement related to ten options
such as “have fun”, “get to know new people”, “interest in usability”, “sharing my experi-
ences”, and “others” (Q4). We also asked how familiar students were with web develop-
ment platforms (QS5) with five possible answers ranging from never heard about it to know
it well. The students also had the possibility to state whether they prepared anything for the
course (Q6). The third part asked about team work experience and communication tools
(Q7-9). A fourth part focused on responsibilities (Q10—Q12). One question asked, “What
do you consider to be your responsibilities as part of your team?” Multiple answers were
possible such as leading the project, programming, designing content, and testing.

Follow-Up Questionnaire. The follow-up questionnaire consisted of six parts with a
total of 11 questions. It focused on expectations, student experience, team coordinator role,
and satisfaction with the group work, including individual contribution. See Table 3.

Post-questionnaire. The post-questionnaire had 11 main questions with eight parts.
Similar to the follow-up questionnaire, it focused on student experience and satisfaction
with individual contribution and group performance. In addition, it asked about student
satisfaction with the group outcome and added follow-up questions. See Table 4.

4.4 Data Analysis

We did not conduct intensive quantitative analyses but rather perceive the question-
naires as additional qualitative data points that provide additional background about
the students’ perceptions and experience.

For the open-ended questions and qualitative data (transcripts from observation data
and focus groups), we applied the thematic analysis method (Ely 1991) with open cod-
ing. The emerging bottom-up semantic codes become the label of a category. The data
analysis was iterative and recursive and guided by the constitutive elements of the key
constructs presented previously in Table 2.

To capture learner experience, group dynamics and interaction, we adopted the role
theory by Jahnke (2010) as a lens to uncover how students experienced and perceived
the course and their groups’ collaboration. Four main aspects guided the analysis: for-
mal and informal roles, tasks and responsibilities, formal and implicit expectations,
and interaction.

We analyzed the data of the student groups as the unit of the analysis. We com-
bined and analyzed the observations, focus groups, and surveys for each person and
group. We then identified crucial situations in which students experienced problems
or dilemma during groupwork that affected or hindered the group’s progress. We com-
pared the student groups according to their active learning level, group interaction and
roles.

To ensure reliability, an interrater agreement was conducted by means of content
validation and peer-review procedure in which three researchers went through the data
and coded them in an iterative process (Bauer and Gaskell 2000).
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5 Findings

Fifteen students signed up for the course. One student dropped out after the first workshop.
A total of 14 students were from undergraduate (7), graduate (2), and doctoral (5) pro-
grams. They came from different disciplines such as engineering, business, digital story-
telling, architecture studies, journalism, learning technology, library science, nutrition and
fitness, and marketing (see Table 5). None of them had significant experience related to
prototype or IT-development.

Nine students were between 19 and 29 years old and four were older than 30, one did
not reveal her/his age.

In the entry questionnaire all, 12 participants, reported networking, career opportunities
and getting to know new people as motivations to participate. Ten wanted to learn some-
thing new and were interested in augmented reality and game technology. Eight partici-
pants were interested in usability. Seven participated because of fun. Six said, “do some-
thing that I would not do normally.” Five stated they wanted to share their experience and
expertise.

Students perceived their responsibility differently. Nine participants said, they perceive
their responsibility to “design content,” while eight said, “create storyboards.” Six were
interested in leading a team, however, only four teams were formed. Participants reported
they wanted to do “programming, coding, fixing bugs” (n=6) or be responsible for “testing
and reporting errors” (n=>5).

In the first workshop, students formed four groups according to interests or already
established relationships. We asked the groups to give themselves a group name and to
present the name and the idea for the gamified AR activity in the second workshop. Table 6
provides an overview of the groups and their ideas.

Table 5 Participants

Group  Country  Gender  Educationlevel  Study program Self-reported experi-
ence in IT-develop-
ment

1 Vietnam  Female  Doctoral Learning technology 1 No experience

1 USA Female  Undergraduate Engineering 2 Some experience

1 China Male Undergraduate Computer science 2 Some experience

2 China Male Doctoral Learning technology 4 Experienced

2 China Male Undergraduate Business 1 No experience

2 China Female = Undergraduate Journalism 1 No experience

2 China Female = Undergraduate Nutrition/fitness 1 No experience

2 China Female  Undergraduate Communications/marketing 1 No experience

3 USA Male Graduate Library science 1 No experience

3 USA Male Graduate Educational technology 1 No experience

3 Iran Female  Doctoral Learning technology 1 No experience

3 China Female  Doctoral Marketing 1 No experience

4 USA Female  Doctoral Learning technology 1 No experience

4 USA Female  Undergraduate Digital storytelling 2 Some experience

Self-reported experience was on a scale of “no experience” (1) to “much experience” (5)
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5.1 Comparison of the Four Groups

Table 7 compares the groups, the different roles, actions, coordination strategies, chosen
software, and skills that the students learned as self-reported. The comparison is based on
our analysis of observations, workshops, focus groups and questionnaires.

5.1.1 Group 1: Word Scramble

Three students were in this group. The group developed a digital scavenger hunt for certain
sites on campus. In the second workshop, the group shared their storyboard. The location-
based app leads players to different areas on campus and asks them to find answers to a
clue, take a photo, and receive a virtual scrabble letter to complete the final puzzle. The
group decided on the locations, took photos of the locations, and developed quizzes. In the
third workshop, the group presented their first prototype. In the fourth workshop, the group
presented usability study results that helped them to refine the prototype. On game day, the
app was ready to use. Overall, the group met the goal to design, develop, test, and refine the
application. The group won the Experts’ Choice Award for the best functionable prototype.

The focus groups revealed that each group member independently completed a por-
tion of the assigned work by the due dates. They focused on the task and group members
expressed a positive experience. With regard to the technical platform GuidiGo, Member
2 mentioned, “It’s very user friendly and anybody can learn how to use it.” However, the
group members also emphasized that with GuidiGo there was no opportunity to learn pro-
gramming skills. Member 1 said, “Yeah. I share the same idea with Member 3 and Mem-
ber 2. So, we don’t improve our IT skills in this project. But we learned other skills, like
interaction skills, group work skills.” Member 2 reported, “I personally learned usability
testing. That was something really interesting that I'd never done before so. I thought that
was good to know how to do.” With programming being important to the group members,
it would have been better for the group to use ARIS over GuidiGo if their goal was to learn
how to program—but the group did not change their original decision. From a research
perspective the question is, why did they not change to ARIS? The data do not give any
sufficient answer, except that they did stick to their original decision. It is unclear why they
were not able to make a change. ARIS provided more programming opportunities. Both
tools were mentioned during the first and introduced in detail in the second workshop. One
theory is that the three members noticed this problem later in the course and then it felt too
late for them to change to ARIS.

5.1.2 Group 2: Why Me?

Five students were in this group. In the first workshop, the group said they wanted to create
a campus tour. They did not change this throughout the course and developed a functional
prototype. In the second workshop, the group presented the storyboard, the physical flow
of the campus tour, and some media files (images, video, and audio). In the third workshop,
the group introduced their first prototype and received feedback from other groups and the
instructor with design suggestions. They only made minor changes to the game design.
The group leader presented the usability results in the fourth workshop. They reported on
issues with their game wording and number of locations, as their users said it was too long
and included too many locations. The group decided to revise the prototype. They made
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changes to the game flow. On game day, the group presented their ready-to-play prototype.
The team won the People’s Choice Award from the public vote for the best functionable
prototype.

In the focus groups, the group reflected on their experience, what they learned, and what
they might do differently. They did not believe they would have made any major changes
in their project management approach, leadership, or design concept. While they enjoyed
time working with their members, they were dissatisfied with the software of GuidiGo due
to its limited capabilities to support ideas they wanted to implement. Also, they stated they
would not participate in this type of event again due to the time involved and concern that
the skills they developed were not very relevant for their future work.

5.1.3 Group 3: Libway

Four students were in this group. They had the idea to support students in libraries to bet-
ter understand how to find certain books. They developed a wayfinding game that allows
students to locate a book title in the specific shelf and row. In the second workshop, the
group coordinator presented the storyboard. The group added additional ideas to support
student navigation through the college library system by using QR codes. The group cre-
ated the game character, Rob the Library Robot, who virtually helps students to find a
book. The group demonstrated the prototype, including the wayfinding mapping link, in
the third workshop. Member 4 volunteered to conduct the usability testing. S/he organ-
ized the usability evaluation in the math library. In the fourth workshop, s/he reported that
the users pointed to several design recommendations. The group improved their prototype.
They showcased the app on the game day, although there were some software problems
such as break downs. The group had a partial prototype ready to play.

In the focus groups, the group described their motivation for why they remained persis-
tent to the end despite their struggles with coding and software programming. Member 1
stated, “To create programming plus thinking like a programmer was sort of the most chal-
lenging but also the most rewarding.” The group reported that they learned new JavaScript
skills and how to develop mobile apps while applying project management skills. Mem-
ber 2 added, “Yeah, I still feel like I could definitely improve in that area (programming
skills)”. There were a few times when members felt like giving up because the develop-
ment environment crashed resulting in a loss of large parts of their work until this point.
The group reported that they remained motivated to finish because of their personal work
ethic and commitment to the project and the group. The group reported that overall their
conceptual framework did not change, but the big picture did. Being involved in this pro-
ject influenced their thinking of how a digital design and development project works. They
reported that they gained a lot of new knowledge by working together. Member 2 said,
“Since there are so many moving parts, it just shows how having different roles it can be
really helpful.”

5.1.4 Group 4: Ethics Dilemma Game

This group began with three students. However, one left after the first workshop, so only
two students remained until the end of the course. The group created the idea to trans-
form the ethics dilemma theory into a digital game. The game would place players in situ-
ations at different places on campus in which they would need to make ethical decisions.
More specifically, the game would present students with ethically difficult situations that
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happened at those locations in the past and asks the users to make decisions. In the second
workshop, the group shared a form of a storyboard. The group based the game choices
on researched theories from ethics and philosophy disciplines. The group showed the first
prototype in the third workshop. Member 2 specifically talked about the prototype because
it was originally her idea and research area. When Member 1 started explaining the context
of the design, Member 2 politely interrupted and took over. Member 1 said later in the
focus group that they “are both strong headed and have opinions. Even though it is a good
thing, it gets in the way.”

The group shared their usability results in the fourth workshop. The group struggled
with usability testing because of distance and schedule problems, so each member found a
user near their location and tested the app with them separately. Both members agreed they
needed more time to finish the game. On the game day, the group was excited to present
their prototype, although they were disappointed that the game was not completed as they
had hoped. They presented a visual mockup instead of a functionable prototype.

The focus group indicates the group had a good experience overall. However, they
felt the development platform was limiting them from creating the final prototype as ini-
tially envisioned. They also said it should be a yearlong project rather than a semester.
Both members were satisfied about the computational skills gained from the experience.
Member 2 would have liked a group of coders available to help her to be successful more
quickly. She perceived herself as an idea creator and wanted some people around to make
those ideas happen. Member 1 was pleased about the group and especially proud of the
work Member 2 had accomplished. After the course finished, this group continued working
on improving their digital game.

5.2 Results from Follow-Up and Post-questionnaires

Follow-Up Questionnaire. Table 8 provides an overview of the results from the follow-
up questionnaire that was conducted after the second workshop. It indicates that the course
confirmed most students’ expectations (mean=23.90). Only two students expressed their
disagreement. Students agreed that the tools, templates, and materials were useful overall
including the design framework and prototyping templates (mean=4.13).

Students were satisfied overall with their projects (mean=4.14). All students agreed

they could contribute meaningfully to their group, had a voice, and participated actively
(mean=4.57). The majority of students perceived their leader to be a good coordinator,

Table 8 Follow-up questionnaire after 8 weeks of the 16-week course

Questions/items No. of items ~ Mean Std. Dev. n Answer range
Student expectation confirmation 6 3.90 0.46 10 Likert
Usefulness of tools and templates 13 4.13 0.58 10 Likert
Satisfaction with individual contribution, 7 4.14 0.48 10 Likert

role, responsibility, skill development
Satisfaction with group work participation 6 4.57 0.51 10 Likert
My team coordinator was very dominant. 1 3.00 0.71 5 Likert

Likert answer options ranged from “strongly disagree” (1) to “strongly agree” (5)
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one person however reported that she struggled with the team leader’s rather dominant
leading style (mean =3.00).

Post-questionnaire. Table 9 shows the results from the post-questionnaire conducted at
the end of the course.

Student satisfaction with individual contribution (mean=4.11) remained almost
identical to the follow-up questionnaire. The majority of the participants were satis-
fied with the outcome (mean=4.14). The participants said that the groups’ final out-
put reflected the student individual input (mean=4.56). However, the project outcome
did not meet student expectations in comparison to when they joined the project in the
beginning. Expectation confirmation had a mean of 3.9 in the middle of the course in
comparison to the mean of 3.33 in the end of the course.

The work happiness results indicate a mean of 4.14 on a scale with seven answer
options. It means that the average student was only “sometimes” happy to work in the
course. The standard deviation is high though with 1.65. It means, students experienced
the course very differently. In other words, they were either in favor, very/often happy,
or on the other side of the scale, they were almost never/rarely happy.

The post-questionnaire shows that students agreed they were able to contribute mean-
ingfully to their group, had a voice, or participated actively (mean=4.7). This result is
similar to the one obtained after the follow-up questionnaire. However, students were
rather uncertain as to whether they intended to continue working on the app afterwards,
stating they “might or might not” (mean=2.9).

When asked about what they would do differently (open ended), students mostly
referred to the technology development process and said they would “spend more time
on developing and less time to justify the product with evidence from literature,” “try to
fix the technical part earlier,” “use a more complicated game platform,” or “use a more
challenging development platform to work with.”

Table 9 Post-questionnaire at the end of the 16-week course

Questions/items No. of items Mean Std. Dev. n  Answer range

Satisfaction with individual 7 4.11 0.26 9 Likert
contribution, role, responsibility,
skill development

Satisfaction with outcome 9 4.14 044 9 Likert
The group final output reflects 1 4.56 053 9 Likert
my input
The outcome of the project met 1 330 1.0 9 Likert
the expectations I had when I
joined
Work happiness, enthusiasm 9 4.14 165 9 Seven answer options, 7 is best
Satisfaction with group work, 6 4.74 041 9 Likert
participation
Continuation after the course 8 290 0.61 9 Definitely Yes (5) to Definitely
No (1)

Likert with five answer options from “strongly disagree” (1) to “strongly agree” (5)
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We also asked students what the course can do better to support them. Students mostly
answered that they want more guidance or information from the instructor and said, “give
us a programming expert,” “give us requirements,” “provide us more options to choose
from,” provide more face-to-face training,” “show us what have been done previously,”
“provide more support,” “teach us each platform,” and “give more time.”

99 <,

5.3 Groups Active Learning Levels

All student groups were engaged to make the app prototype work. Group 4 had more trou-
ble adjusting their original goals and content than the others. They ended up not presenting
a complete prototype. Instead, they had a mockup that was a combination of a visual paper
prototype with some elements in the digital app. Group 3 had a partial prototype ready to
use. Groups 1 and 2 presented ready-to-play functionable prototypes.

All groups were provided with design tools and templates (e.g., storyboarding). Some
groups used them, and others used them as a start to outline, later creating their own or
using tools that they thought fit better to their needs. All students demonstrated active agent
roles. However, the group members shaped their roles and actions differently. On the group
level, observable in the group members’ interaction (Stahl 2006), the four groups showed
different levels of active, constructive, interactive, co-designing or a mix. See Table 10.

Group 3 showed evidence of moving from an interactive to a co-designing learning level
with a novel idea and they ended with a partially functionable prototype. Groups 1 and 2
showed active and constructive levels with functionable prototypes but no novel concepts;
they created a digital campus tour which already exist. Group 4 indicates constructive and
interactive learning levels. While they had a novel idea, they did not have a functionable
prototype.

Three crucial situations, described below, support the results. In such situations, stu-
dents experienced a dilemma between what they wanted to do (i.e. their idea or vision) ver-
sus the course reality or what is actually possible and doable when developing technology.
In addition, only two groups (1 and 2) had functionable prototypes but were disappointed
that they did not learn more advanced programming skills. Both groups decided to stick
with GuidiGo where no programming skills are required.

5.3.1 Situation One: Stuck with an Inadequate Platform?
Group 1 reported that they missed programming opportunities. Although the ARIS tool pro-
vided these options, the group kept GuidiGo. The students in the group stuck with the first

decision, which was not a choice that aligned with their stated desire of learning software
programing. The group made an early decision and was not open to change later to the other

Table 10 Groups active learning level in relation to product quality

Group Group active learning level Product quality: novel and functionable?
1 Active Not novel, but functionable

2 Constructive Not novel, but functionable

3 Interactive-CoDesign Novel and partially functionable

4 Constructive-Interactive Novel, not functionable
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tool. Even if they discovered later that more programming features were needed, they did not
change to the ARIS tool to review its capabilities. Group 2 experienced similar issues. They
reported that GuidiGo’s technical capabilities did not offer the desired functionality. Through-
out the course both Group 1 and Group 2 faced software limitations. The group members were
dissatisfied with the software due to its limited capabilities to support the ideas they wanted to
implement.

Groups 3 and 4 used ARIS where programming skills were useful. Group 4 had difficul-
ties but did not reach out to an extremal resource or to the instructor. Group 3 approached the
problem differently. They also stuck with the platform they chose originally but they asked a
computer science student to help them creating a solution for their game. This is an indicator
that Group 3 members became co-designers.

5.3.2 Situation Two: Students Asked for More Structure

Group 3 reported that they wanted more structure and scaffolding. Member 3 said, “I feel it’s
more visual components and less structure... So, I guess maybe in the future we get ... more
structure for templates or more tools so we can see more examples.”

As Group 3 faced the challenge of missing structure the group started to create that struc-
ture themselves. For example, the group had coding issues but solved them by asking an out-
side person to help. Member 1 explained, “So, to create programming plus thinking like a
programmer was sort of the most challenging but also the most rewarding.”

Group 2 experienced similar problems. They wanted to get more hands-on training from
the instructor for programming and coding and said that the platform they chose did not offer
any additional coding work. They did not change the platform and they did not include exter-
nal resources.

5.3.3 Situation Three: Groups Dealt with Time Management Differently

All groups, especially Group 4, had difficulties with time management which is not surprising
because time issues are a reported problem in courses (Hodges 2018). To address this issue
in advance the course had five milestones for the groups to deliver first results. Three groups
noticed time management issues and changed their plan, either by making the app smaller
than originally anticipated or by cutting other functionality. Groups 1, 2, and 3 had a ready-
to-play app for the final presentation day. However, Group 4 was not able to present a func-
tionable prototype. This group perceived the course to be better suitable as a yearlong project
rather than a semester.

Groups 1 and 2 had functionable prototypes but they were not novel (campus tours).
Group 4 had a novel idea but no functionable prototype (ethics dilemma game). Only Group
3 pursued a novel idea and had a partially-functionable prototype ready to use (libway). Both
Groups 3 and 4 faced time management and complexity issues. While Group 3 asked an out-
side person to help them with programming, Group 4 did not try to find outside resources to
solve the problems.
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6 Discussion

Our study provides indication that one group (Group 2) resisted active learning (Silver-
thorn 2020). It confirms Owens et al. (2020) that this group struggled when authorita-
tive information is absent, and students are unfamiliar with active learning as compared
to traditional teacher-centered instruction. As one student event directly stated, “but the
instructor didn’t tell me”. Student resistance does not mean that students are aware of
the resistance. It is not a choice by them to be resistant. They are rather struggling with
the absence of clear step-by-step processes or formative assessment strategies. Group 1
was active and did not create a novel prototype but it worked and other users were able
to use it. Group 4 showed an interactive level (almost highest form of active-construc-
tive-interactive group level) and had a novel prototype but they did not manage to make
it work. Only Group 3 which faced several challenges e.g., lack of programming skills,
managed to fill the missing resources which is an indicator for co-design. This group
was the closed group to the level of co-design. Their prototype was novel and partial
functionable.

Following Chi and Wylie (2014), also Freeman et al. (2014), there is a positive correla-
tion between student engagement and learning outcomes. However, to truly understand the
quality of a group’s active learning level, the digital artifacts (e.g., gamified AR apps) of
the student groups need to be considered too. This study indicates a correlation between
the active learning level and student product quality: The higher the learning level, the bet-
ter the student product (novel and functionable). However, further research is required to
test this correlation with more student groups.

6.1 Factors Hindering Groups in Becoming Critical Co-designers

There are several aspects that may hinder students in becoming active or co-designers.
Such issues may be tied to social or cultural differences, expectations, or cognitive over-
load (Hodges 2018). Roles are a critical factor that affected the groups (Jahnke 2010).
Group leadership roles were formed throughout the design process, however, groups acted
differently. Group 1 and Group 2 followed their group coordinators. Groups 1 and 2 were
organized in a clear hierarchy, while one asked during the workshop, “Are the group lead-
ers doing the work or the group?” While Groups 3 and 4 showed more equality among the
members, Group 4 worked more collaboratively than Group 3.

The second aspect is that some students felt they were not allowed to break out of the
given course design. They felt that they were not allowed to change software platforms.
Our analysis did not provide a compelling reason for this student perception. In Workshop
1 it was clearly stated, and several times emphasized, that they could freely choose their
approach and tools. One reason to this behavior might be that students are deeply inter-
linked with an existing, rather closed culture in higher education that they never considered
what the instructor really meant with the option to act freely. Expanded meta-cognition
methods could be one option to support students clarifying the options they have as well as
the instructor’s and their own expectations.

We conclude that the course design needs improvement. For example, adding an ele-
ment that help students to talk, express, and reflect about the choices they have and deci-
sions they make. This can be supported by coaching, for instance. Additional research is
needed to explore support structures for the co-designer level in AGL.
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6.2 Implications

The study provides indication that artifact-generated learning is a useful strategy to foster
co-design learning with, not from, technologies. The student groups we studied developed
new products and showcased their cognitive connections and learning growth through the
artifacts they created. They all learned about design, development, and testing as shown in
the presentation of the five workshops and the product in the end.

However, not all groups reached the level of critical group co-design. As defined pre-
viously, the role of a critical co-designer requires groups to go beyond the given course
framework, add their own ideas, and fill missing structures that the instructor could not
have foreseen or does not want to fill on purpose, for example, to give groups a balance
between guidance and freedom for own ideas.

When we offered the course, we applied the artifact-generated learning strategy which
means in this context to shift the thinking from instructor onto students. This implies that
students not just follow the course design or the ideas of the instructor, but rather they
break out of the receptive habits and co-design their learning processes in the moment of
need. While we thought our course provided a suitable structure for the students—we made
sure to apply the AGL approach and cross-checked the quality with the five principles
of active, authentic, constructive, cooperative and goal-directed learning (Howland et al.
2012)—the results show that three of four groups did not take the role of a critical group
co-designer.

6.3 Suggestions to Support Critical Group Co-design in AGL

Besides obvious suggestions such as clear instruction and clear communication—which we
thought we had provided—we learned that more specific guidance for students to become
critical co-designers in groups is required.

First, what might be clear for instructors might not be clear for students. To communi-
cate expectations several times, not only in the beginning of the course, is crucial.

In addition, it might be useful to add a specific question that helps students to express
and reflect on their choices and decisions and prompts them to reverse decisions or make
other decisions. Creativity methods can be deployed to support students. For example, stu-
dents can be asked to think outside the box or to find many possible ways before making a
decision. When looking back it becomes apparent that we did not explicitly ask students in
the five meetings, “Why did you do it the way you did?” After this course experience we
believe it is also important to ask, “Why didn’t you do it another way?” Embedding reflec-
tive coaching elements into the learning process several times as an iterative process rather
than only at the end may help students to understand how to make necessary changes dur-
ing the learning process.

As we learned from this course, to encourage students to apply co-design on the group
level, we suggest a process-based assessment procedure that we developed based on our
findings from studying the course. We suggest making the 4-matrix field in Fig. 2 and pro-
cedure available to students in the beginning and as a reminder in each workshop. It is
inspired by Herrmann (2012) and based on Amabile’s Consensual Assessment Technique
(1982). The process-based assessment procedure for AGL applies two steps: first, students
create something; second, students (peers in the classroom) and domain experts evaluate
the student-generated artifacts. The artifacts will not be rated against an absolute standard
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Artifact/Product
is functionable

Co-design

Not novel/valuable & Novel/valuable &
but functionable functionable

2 4
Constructive /
Interactive

Novel/valuable &
but not functionable
2

Constructive /
Interactive

»

Artifact/Product
is novel (valuable)

Fig.2 Process-based formative assessment form for supporting group co-design in AGL context. The cor-
relation of student products and co-design level needs further studies

but compared with each other (Said-Metwaly et al. 2017). This formative assessment for-
mat can be applied after the student group’s idea pitch, first prototype, and final prototype.
This procedure may foster students to become co-designers.

AGL is not limited to computational thinking courses like the one presented here. AGL
can be used for various course content and topics. For example, currently we apply AGL
in an online course called Learning with Web-based Technologies in which school teach-
ers choose apps for collaborative learning. First, they create ideas and share them with the
class to discuss potential improvements. Second, they develop the artifacts as instructor
sites or other documents. Then, they test their ideas in the classroom. It is an iterative pro-
cess of designing, receiving feedback and revising or improving. In the end the course par-
ticipants developed artifacts that showcase active learning strategies with technologies and
they justify why they think this strategy boosts student active meaningful learning with
technology integration.

6.4 Limitations
The small number of groups allowed for exploring artifact-generated learning is a limita-

tion in this study. More groups would provide additional data on how students experience
AGL and may inform co-design aspects further.

7 Conclusion
In the digital classroom, artifact-generated learning means shifting the thinking from

instructors onto students, so they are able to make cognitive connections (Jonassen 1996).
We conceptualized learning situated in a social practice in which interaction and roles
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played a crucial function. In an open course, students developed gamified digital applica-
tions. It gave students the opportunity to be in charge of their learning. Our study shows
that artifact-generated learning combined with co-design is a useful active learning strat-
egy that fosters learning with technologies rather than from them. Student groups devel-
oped new products and showcased their cognitive connections and learning growth as evi-
denced in their artifacts.

Throughout the course, students were active agents. Groups 1 and 2 managed to develop
a ready-to-play prototype although it was not a novel concept. Group 3 applied a novel con-
cept and the prototype worked to some extent. Group 4 created something novel, however,
the prototype did not work. Only Group 3 took the critical co-designer role as a group when
they partially filled the missing structures and integrated an outside source that helped with
programming. When they got stuck with coding, they hired an experienced student who
helped them to finalize the prototype. They thus did break out of the given frame of the
course design. Although the instructor encouraged all groups to do so right from the start
only one of four groups actually did it. Instead, in the focus groups and questionnaires the
students of the other three groups expressed a desire for more formalized structure, more
content of design theory, tools, and more options to choose from including more time to
finish the product.

As this small study explored, a critical group co-design approach in AGL is needed.
Without it, group artifacts lack either novelty or functionality.

With this research, we contribute to Chi and Wylie (2014) framework of active-con-
structive-interactive and expand their original three levels with a new level 4 of co-design
in which the learner or the group adds new ideas and fills missing structures beyond what
is set or given by the course framework or instructor.

Further research is needed to investigate support structures for students becoming co-
designers on the group level in artifact-generated learning with technologies.
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